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For the first time amycoplasma has been isolated from fish. Theorganism, designated strain 163K, was isolated on modified Hayflick medium under aerobic conditions at 25 "C from the gills of a tench (Tinca tinca L.). It showed the characteristic features of mycoplasmas. In addition it was flask-shaped with a distinct head-like structure and was able to attach to inert surfaces and living cells. The most interesting property of the organism was its ability to show fast gliding motion. Movement was only in the direction of the head-like structure and was not interrupted by resting periods.
I N T R O D U C T I O N
Mycoplasmas have been detected many times in fish cell cultures (Kunze et al., 1972; Schwanz-Pfitzner & &el, 1973 ; Naglik et al., 1974 ; Emerson et al., 1976 Emerson et al., ,1979 and mycoplasmalike structures have been observed by electron microscopy in skin tumours of the Dover sole (Microstomus paciJicus) (Matsudo & Chamberlain, 1976) and in water and sediments of fresh water lakes (Olkh et al., 1972) . However, mycoplasmas have not been isolated previously from fish. The present study describes the isolation and properties of a mycoplasma from fish. METHODS Examination ofjsh. Eighty-five fish consisting of 26 carp (Cyprinus carpio L.), 24 tench (Tinca tinca L.), 23 trout (Sufmo truttu L.), 3 eels (Anguillu unguih L.), 2 sheat fish (Silurusglunis L.), 1 mosaic threadfin (Trichogaster leeri), 1 cichlid (Tropheus sp.), 1 plaice (Pleuronectesplatessa L.), 1 salmon (Salmo salar L.), 1 goldfish (Carassius aurarus L.) and 2 brook lampreys (Lampetra planeri Bloch) were investigated. Most looked healthy but some showed symptoms of furunculosis, erythrodermatitis or gill-necrosis.
Fish were examined either within 5 h postmortem or after storage at -20 "C. Pieces (approx. 0.3 g) of gill, skin. spleen and intestine were removed, minced and inoculated into 4 ml modified Hayflick medium. After 30 min, each sample was filtered through a 0.8 pm filter and inoculated (0.2 ml) into 2 ml modified Hayflick medium, 2 ml modified Friis medium, 2 ml modified SP4 medium and 2 ml urea medium. Agar plates were inoculated with the unfiltered organ materials. Incubation was done under aerobic and anaerobic conditions at 17 "C and 25 "C. Growth in fluid media was investigated after an incubation period of 4 and 10 d by inoculating appropriate agar plates.
Media. The compositions of the media were as follows. Modified Hayflick medium (Chanock et al., 1962) (Friis, 1975) : Hanks' balanced salt solution (10 x ) (Flow Laboratories), 50 ml; deionized water, 1230 ml; Bacto brain heart infusion (Difco), 8-2 g; Bacto PPLO broth (Difco), 8-7 g ; swine serum (heated at 56°C for 30 min), 300 ml; fresh yeast extract (50%, w/v), 30 ml; phenol red (l%, w/v), 1.25 ml; penicillin, 2000 IU ml -; thallium acetate (1.25 %, w/v), 15 ml.
Modified SP4 medium (Tully er al., 1975) : mycoplasma broth base (Baltimore Biological Lab.), 1.4 g; Bactopeptone (Difco) 2.13 g; Bacto-tryptone (Difco), 4.0 g; deionized water, 245 ml; CMRL-1066 ( l o x ) with glutamine, without NaHCO, (Gibco), 20 ml; fresh yeast extract (25%, w/v), 15 ml; yeastolate (Difco), 40 ml; horse serum, 67 ml; glucose (SO%, w/v), 4 ml; penicillin (lo5 IU ml-l), 2 ml; phenol red (0.1%, w/v), 8 ml.
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Urea medium (based on Friis medium): Hanks' balanced salt solution ( l o x ) (Flow Laboratories), 50 ml; deionized water, 1200 ml; Bacto brain heart infusion (Difco), 8-2 g; Bacto PPLO broth (Difco), 8-7 g ; dextran (l%, wlv), 18 ml; fresh yeast extract (50%, w/v), 30 ml; phenol red (I%, w/v), 2.5 ml; horse serum, 300 ml; penicillin (los IU ml-l), 30 ml; urea (loo/,, wlv), 8 ml.
For preparation of fresh yeast extract, 500 g dry bakers' yeast was crumbled and mixed with 500 mi deionized water; the suspension was adjusted to pH 4-5 and incubated for 20 min at 80 "C. The solid phase was removed by centrifugation for 30 min at 3000 r.p.m. (1 3008) and the supernatant used as the extract for the preparation of the media.
Agar plates were prepared from the four media by addition of 1.0% (w/v) purified agar (Oxoid). Characterization ofmycoplasms. Isolated mycoplasmas were characterized according to the methods proposed by the International Committee on Systematic Bacteriology -Subcommittee on the Taxonomy of Mollicutes ( 1979) . The cell morphology was investigated by dark-field microscopy, scanning electron microscopy (Gallagher & Rhoades, 1979) , and transmission electron microscopy (Cole & Popkin, 198 1) . Biochemical investigations were performed according to the methods of Aluotto er al. (1970) . For the immunofluorescence test the method of Del Giudice et ai. (1967) was used. The growth inhibition test was performed according to the method of Clyde (1964) , and the metabolism inhibition test according to the method of Taylor-Robinson et al. (1966) .
RESULTS
Mycoplasma-like colonies occurred on agar plates directly inoculated with unfiltered organ material of 16 of the 85 fish investigated and originated from tench, carp, and trout. In most cases mycoplasma-like colonies developed from gill material on SP4 medium but in a few cases they appeared from gill material as well as from skin and intestine samples on Hayflick medium and on urea medium. No mycoplasma-like colonies developed on the agar plates inoculated from the incubated tubes containing the filtered samples of organ material, though many of the tubes with Friis medium and SP4 medium showed a colour change to orange and yellow and a few of the tubes with urea medium turned dark red, without exhibiting bacterial contaminations.
In spite of immense efforts, cultivation in further passages was possible in one case only, with an isolate from the gills of a tench which had been stored for some days at -20"C, and showed symptoms of red disease. The cultivation succeeded under aerobic conditions at an incubation temperature of 25 "C on modified Hayflick medium containing horse serum. The isolate was designated strain 163K.
Strain 163K produced typical fried-egg colonies on Hayflick medium containing horse or bovine serum (Fig. l a ) and on Friis medium. After incubation for 3-5 d, daughter colonies frequently developed around the mother colonies ( Fig. 1 b) . In fluid medium a floccular growth appeared (Fig. 2) , pointing to the tendency of the organisms to aggregate. Strain 163K grew under aerobic and anaerobic conditions at temperatures from 17 "C to 30 "C. Optimal growth was observed at 25°C. No growth occurred on serum-free medium, but weak growth was observed on blood agar.
When fluid cultures were cultivated in plastic and glass Petri dishes (5 cm diameter), the organisms attached to the bottom of the vessels, where they produced colonies which proceeded to confluent growth. The organisms were not removed by repeated extensive washing with phosphate-buffered saline (pH 7.2).
Dark-field microscopy, transmission electron microscopy, and scanning electron microscopy showed that the organisms were pleomorphic, with a body size between 0-3 and 1.3 pm. The cells were flask-shaped with a distinct head-like structure, which was hemispherical or triangular and somewhat thickened (Fig. 3a, b ). This structure developed from spherical forms as well as from elongated forms, which were observed many times in cultures after changing the medium composition. Electron microscopy of thin sections showed that the organisms lacked a cell wall and were bounded by a single membrane (Fig. 4) . The organisms stained pink in Giemsa stain and were negative in Gram stain.
Organisms of strain 163K passed through membrane filters of 0.45 pm pore size with a slight reduction in the number of organisms, and through filters of 0-22 pm pore size with a strong reduction in the number of organisms. They did not revert to a bacterium during 12 consecutive passages (passages 3 to 15) in medium free of inhibiting substances. The G + C content of the DNA determined by isopycnic gradient centrifugation was 224-2406 mol%.
Organisms of strain 163K were sensitive to 1 % (w/v) digitonin, but there was only a partial sensitivity to sodium polyanetholesulphonate. Around the saturated discs was a zone 2-10 mm wide (depending on the concentration of the polyanetholesulphonate) in which colonies were much smaller and less dense than on the remaining areas of the plate. The organisms were able to ferment glucose but unable to hydrolyse arginine. Very strong production of film and spots occurred on Hayflick medium containing horse serum, but no film and spots developed on Hayflick medium with bovine serum, or on Friis medium. Haemolysis was of the c1 or #? type, depending on the growth density of the mycoplasmas on the overlaid agar plates. Haemadsorption was stronger on single large colonies than on small dense colonies. Haemolysis and haemadsorption occurred with erythrocytes from man, horse, cattle, sheep, swine, rabbit, guinea-pig and fish. The gliding motion was the most exciting property of strain 163K and because of its speed unique among mycoplasmas. It was observed with a simple dark-field preparation or by phasecontrast microscopy. The average speed was 2-4 pm s-' with a maximum of 7.5 pm s -l . The gliding was not interrupted by resting periods but the speed decreased with time during observation. The head-like structure was always orientated in the direction of the movement and the organisms glided on the slide as well as on the lower side of the cover slip. The organisms moved in straight lines, in arcs or in circles, and showed a tendency to aggregate forming chains which again disintegrated. They also lay together with their sides in contact during gliding. In larger aggregations there was constant movement as single cells left and other cells entered them. The organisms have been subcultured for more than 50 passages on artificial medium without effects on motility.
Strain 163K was compared with the other gliding mycoplasma species -Mycoplasma pneumoniae, Mycoplasma pulmonis, Mycuplama gallisepticum and Mycoplasma genitaliumand with Mycoplasma ahi and Mycoplasma sualui, which show a similar morphology, by indirect immunofluorescence tests, the growth inhibition test and the metabolic inhibition test. No serological cross reactions could be observed with strain 163K as antigen or when antiserum against strain 163K was tested against the other six species.
DISCUSSION
Our investigations show that the organisms isolated from a tench were true mycoplasmas. They had a pleomorphic appearance and no cell wall, they could pass a filter of 0.22 pm, were resistant to penicillin, did not revert to a bacterial form on medium without inhibitors and had a low G + C content. According to their sensitivity to digitonin and their inability to grow on serum-free medium they have to be regarded as representatives of the genus Mycoplasma, though they do not multiply at 37 "C.
In their morphology the isolated fish mycoplasmas have similarities with M. pneumoniae, M. M . pulmonis, M . genitalium, M . alvi and M . sualui, which also have polar structures. Of these, M. pneumoniae, M. gdisepticum, M . pufmonis and M . genitdium also exhibit gliding motility. Like the other gliding mycoplasmas, organisms of strain 163K move only in the direction of the head-like structure, but the motion of strain 163K (2-4 pm s-l) is considerably faster than that of the other gliding mycoplasmas. The average speed of M. pulmonis is 0.4-0.7 pm s -l , of M. pneumoniae 0.3-0-4 pm s-l, of M . genitalium 0.1 pm s-l, and of M. gailisepticum only 0-034.05 pm s- (Bredt, 1979; Taylor-Robinson & Bredt, 1984) . In addition the motion of strain l63K is not interrupted by resting periods as is the motion of the other gliding mycoplasmas. There was no serological reaction between strain 163K and mycoplasmas with similar properties. It therefore seems very likely that the strain 163K represents a new Mycoplasma species. This supposition is supported by the unusual growth temperature of strain 163K, but further investigations are necessary to confirm it.
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The relationship between strain 163K and the red disease of the tench from which it was isolated is not known, but it is noteworthy that the other motile species of mycoplasmas are pathogens, which may indicate that motility is a factor in pathogenesis.
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